The Qualitative Data Model Working Group was established in January 2010 with the charge "To develop a robust XMLbased schema for qualitative data exchange (compliant with DDI) and encourage tools development based upon these needs." This report describes the preliminary model developed by that group via online meetings, and working meetings in Gothenburg (2011) and Bergen (2012). This model, described in UML, was developed to cover three main scenarios:
Introduction
The working group began in April of 2010 by gathering a set of use cases and summarizing them in terms of types of qualitative data and types of metadata elements potentially needed. Analysis of the use cases led to enumerating the three main scenarios described above. At the Gothenburg meeting the group developed a first draft of a model expressed in UML. This model was refined further in the Bergen meeting and is presented here.
Examples of Qualitative Data
The term "qualitative data" applies to a wide range of collections of digital, and, potentially real, objects. Qualitative data analysis tools can work with text, audio and video recordings, and still images. In developing the metadata model we considered cases where identification of segments of original real objects might need to be linked to some sort of digital representation of the objects. An example might be a collection of preserved archeological artifacts of which multiple digital images were taken. We did not, however, describe any methods by which segments of arbitrary physical objects might be identified. We will need to explore whether others have addressed this issue. One place to start might be techniques used by game hardware to recognize facial features, hands, feet, etc., from video input.
Use Cases Object Level Only
Both the UK Data Archive and the Finnish Social Science Data Archive offered use cases in which a vector of arbitrary attributes might be used to select a subset of qualitative data objects from an archive. Examples might be selecting all of the audio and transcripts of interviews where an interviewee was a female over 40 years of age, or all of the video clips where the season was winter.
These use cases highlight the need for a flexible system of assigning arbitrary attributes to digital objects. Allowing for using these attributes by reference from a repository will make comparison or aggregation across collections possible.
Describing Segments
One use case from the Data and Networked Services (DANS) requiring the delineation and description of segments involved a collection of video clips which had also been transcribed (possibly into multiple languages). A Web application allowed for searching for segments of the clips by attributes. Both the video and its transcription were then displayed to the searcher. From this use case it became clear that some object in the model was needed to represent the logical content of the segment which was expressed in several forms (the video and the transcript). Another use case in this category is that of Computer Assisted Qualitative Data Analysis (CAQDAS). In this scenario, a researcher identifies segments of the original objects and categorizes them, possibly assigning codes or memos to them.
Segments with Quantitative Data
The most complex use case presented involved some sort of automated analytical process which assigned quantitative variables to segments of qualitative objects. One specific example is that of text mining, where the transcripts of interviews are divided into segments (e.g., sentences or paragraphs). These segments are then processed by statistical procedures that assign them values on some calculated dimensions (variables) or assign them to categorical (grouping) variables. The set of quantitative variables generated for each segment (a logical record in DDI terms) forms another representation of the quantitative logical object (the segment) and can therefore be linked to all of the other physical representations -for example, a video segment from which the transcript was taken.
Modeling Tool
At the Gothenburg meeting we encountered some problems with exchange of UML models between different software packages. In order to allow exchange of the UML model among the group, for the Bergen meeting we decided on Enterprise Architect as the common software package. The model described here is available as an Enterprise Architect (eap) file. The class diagrams are also available as pdf files, including a text document describing the attributes and relationships of the objects in the model.
The Model Small Subset of UML Modeling Elements
The model was developed with a small subset of all of the UML modeling elements:
• Composition -the parent is composed of a set of objects. If one of those objects ceases to exist, the parent object ceases to exist • Aggregation -the parent is associated with a collection of objects. If one of those objects ceases to exist, the parent still exists • Dependency -one object depends on another in some way • Generalization -a parent object is a more general version of a child element. The child inherits properties from the parent, but may be more specialized having additional properties • Relationship -one object is related to another in some fashion
• Directed Relationship -the relationship between two objects is one way, for example, A might send something to B
The Model Elements
The model consists of a number of elements and their relationships. The elements also have properties. A list of the elements, their definitions, and a list of their properties follows.
resources and during preservation planning" (see http://www.loc.gov/standards/premis/v2/premis-dd-2-2.pdf). Examples/Comments: An audio clip beginning at 4.54 seconds into the full audio sample and ending at 9.375 seconds. Enumerated clipTypes for Audio are:
 "other" Properties: Name, Label, Description, Creation Date, Identifiable, Versionable, Maintainable SegmentOfVideo -Definition: A description of the location of part of a video recording. A subclass of a Physical Segment regarding video Examples/Comments: A clipType of "time", begin value of 4.54, and end value of 9.375 defining a video clip beginning at 4.54 seconds into the full video sample and ending at 9.375 seconds. Enumerated clipTypes for Video are  "byte" SegmentOfDDIDescribedData -A description of the location of part of data described by a DDI Instance. A subclass of a Physical Segment regarding data described by a DDI Instance. Properties: Name, Label, Description, Creation Date, Identifiable, Versionable, Maintainable NOTE: We could also have a SegmentWithDimensionalIndices (SegmentOfMultidimensional) that could be used to describe any piece of a multidimensional structure --for example, a spreadsheet. It could have a subclass (BoundingCube) describing a hypercube subset with a parameter for number of dimensions and a parameter with the tuple for the "lower left" corner and the tuple for the "upper right" corner. The subclass would be repeatable. This would allow the description of multiple multi-dimensional bounding boxes --e.g., two tables from a single sheet, or all cells in the upper left corner of several sheets in a spreadsheet file. Essentially this is multiple bounding hyper-cubes. There could also be a class allowing for naming of the dimensions. SegmentOfMultidimensional -A description of the location of part of a data object using multiple dimensions.
Examples/Comments: A simple example would be a segment of a spreadsheet file where the dimensions are "row", "column", and "sheet". The segment in this case would be a bounding box cube described by two triples, for example, (4,5,6), (10, 11, 12) where row 4, column 5, and sheet 6 represent the low corner of the cube and (10,11,12) represents the high corner of the cube. Dimensions are named, as with "row", "column", and "sheet" in the previous example. Levels of a dimension may also be named. For spreadsheet columns names might be "A", "B", etc. This is a generic method of description that may apply to a variety of object types. A religious text, for example might have dimensions of "book", "chapter", and "verse". A film might have dimensions of "frame", "horizontal", "vertical". The latter might allow for the description of a clip of the location of a character in the film across time.
Properties: Name, Label, Description, Creation Date, NumberOfDimensions, DimensionNames, Identifiable, Versionable, Maintainable BoundingCube -A BoundingCube contains the two tuples describing the location of a sub hypercube of the data object.
Examples/Comments: A simple example would be a segment of a spreadsheet file where the dimensions are "row", "column", and "sheet". The segment in this case would be a bounding box cube described by two triples, for example, (4,5,6), (10, 11, 12) where row 4, column 5, and sheet 6 represent the low corner of the cube and (10,11,12) represents the high corner of the cube. Dimensions are named, as with "row", "column", and "sheet" in the previous example. Levels of a dimension may also be named. For spreadsheet columns names might be "A", "B", etc. This is a generic method of description that may apply to a variety of object types. A religious text, for example might have dimensions of "book", "chapter", and "verse". A film might have dimensions of "frame", "horizontal", "vertical". The latter might allow for the description of a clip of the location of a character in the film across time. Properties: Name, Label, Description, Creation Date, LowPoint, HighPoint, Identifiable, Versionable, Maintainable DimensionNames -DimensionNames lists the names of the levels of a single dimension.
Examples/Comments: An example might be labels of spreadsheet columns of "A", "B", etc., or the "book" dimension of a religious text might have labels "Genesis, Exodus"…. Properties: Name, Label, Description, Creation Date, DimensionNumber, LabelList, Identifiable, Versionable, Maintainable
Glossary of Properties
A list of the attributes used by objects follows. Each attribute is preceded by the number of objects to which it applies. For attributes used by only a few objects, a list of those objects follows the definition.
5 Citation -Provides bibliographic citation information 1 ClipBegin -A string, appropriate to the @clipType, describing the start of the clip (BeginEnd) 1 ClipEnd -A string, appropriate to the @clipType, describing the end of the clip (BeginEnd) 1 ClipType -The annotation method used to describe the audio or video clip (BeginEnd) 1 Content -The text associated with the object (Memo) 1 Coords -A comma-delimited string of coordinates (Area) 21 Creation Date -Date of the creation of the resource (e.g., a transcription) 1 Data Fingerprint -An identifier for the data object, derived from its content, e.g., checksum (Physical Storage Instance) 2 Data Type -(e.g., string, date, time, URL, …) (Attribute, Memo) 1 DatabaseType -the type of the database, e.g., "Oracle" (SQLSelection) 1 DatabaseVersion -The version of the database, e.g., 10.0 (SQLSelection) 39 Description -provides additional detailed information regarding the object 1 Digital Version Available -Was it ever not digital? Born digital? Boolean: (Logical Resource) 1 DimensionNames -A comma-delimited list of quoted strings listing the names of the dimensions. Example from above:
("row", "column", "sheet") (SegmentOfMultidimensional) 1 DimensionNumber -The number of the dimension having labels, for example, the columns dimension of a spreadsheet might appear second in the tuples describing a location. In this case the value might be "2". (DimensionNames) 1 Dimensions -(Physical Storage Instance) 1 EndCharOffset -Identifies the end of a segment by specifying the number of characters from the start of the document (CharacterParameter) 1 EndLine -Identifies the end of a segment by specifying the number of lines from beginning of the document (LineParameter) 1 EndOffset -Identifies the end of a segment by specifying the number of characters from start of the appropriate line (LineParameter) 1 EndPoint -The EndPoint(s) used for the extract (SegmentOfTriplestore) 1 Event Date/Time -Start and end attributes (Event) 1 Event Location -Geography (Event) 1 Event Setting -environment: contextual, summary, thumbnail (Event) 1 File Identifier -Used for resolving, e.g., a URI or DOI (Physical Storage Instance) 1 Graph -URI of the graph to which the SPARQLquery applies. If not specified, either the query applies to all the graphs available from the Endpoint or it is specified directly on the query. (SegmentOfTripleStore) 1 HighPoint -The tuple listing the high values on each dimension (BoundingCube) 42 Identifiable -Can the object be assigned an id? For objects which can be referenced. Boolean 1 Is Value Required -Is a Value attribute required? Boolean (Attribute) 1 IsDigital -True if the object is in digital form. Boolean (Physical Storage Instance) 1 IsOriginal -Is this the original source? Boolean (Logical Resource) 40 Label -A structured display label for the element. Label provides display content of a fully human-readable display for the identification of the element. 1 LabelList -A quoted comma-separated string containing the dimension labels. Example: ("Genesis", "Exodus") (DimensionNames) 1 Link To External Documentation -A reference to an external source of information (File Structure) 1 Link to External Content -A reference to an external document, e.g., a Web page (Memo) 3 Link to External Resources -A reference to the location of external resources for the instrument. These could include material to be displayed, or some Web-based services (Data Collection Instrument, Analysis Instrument, Processing Instrument) 1 Location -Where the Instance is to be found (Physical Storage Instance) 1 LowPoint -The tuple listing the low values on each dimension (BoundingCube) 41 Maintainable -Is the object one that can be maintained over time by a responsible party? Specification of the responsible party is required. Boolean 3 Manufacturer -The creator of the tool (Data Collection Tool, Analysis Tool, Processing Tool) 3 Model/Version -A model identifier or number and additionally a version number (Data Collection Tool, Analysis Tool, Processing Tool) 40 Name -A human-readable name given the object being identified 1 NumberOfDimensions -The number of dimensions used to describe the segment. A cell in a multi-column spreadsheet might be identified by three dimensions -row number, column number, sheet number (SegmentOfMultidimensional) 1 OtherClipType -A text description recommended if @clipType = "other" (BeginEnd) 1 SPARQLquery -The SPARQLquery string to be executed (SegmentOfTriplestore) 1 SQLStatement -The SQL query string (SQLselection) 1 SchemaName -The name of the database schema being queried (SQLselection) 1 Shape -The shape of the segment, one of the following "Rect" a rectangular area "Circ" a circular area "poly" an irregular polygon area The @shape should be used as in HTML 4. Reference: http://www.w3.org/TR/html401/struct/objects.html (Area) 2 Spatial Coverage -Description of the geographic coverage of the data (Collection, Logical Resource) 1 Specification Location -The location of a formal specification for the type of file structure, e.g., DDI or TEI schema, relational database schema location, URI: (File Structure) 1 StartCharOffset -Identifies the start of a segment by specifying the number of characters from the start of the document (CharacterParameter) 1 StartLine -Identifies the start of a segment by specifying the number of lines from beginning of the document (LineParameter) 1 StartOffset -Identifies the start of a segment by specifying the number of characters from start of the appropriate line (LineParameter) 2 Temporal Coverage -A description of the time period(s) related to the data (Collection, Logical Resource) 1 TermDescription -Human-readable description; string: Optional. Field only to be used where meaning is not available elsewhere (Analytic Category, Analytic Code) 2 Topical Coverage -A description of the conceptual topics related to the data (Collection, Logical Resource) 22 Type -A description of the type of object. This should be selected from a controlled vocabulary. 1 TypeSystem -The system used to describe the type of file structure. The TypeValue will be interpreted in this context, e.g., mime type. This should be selected from a controlled vocabulary. (File Structure) 1 TypeValue -A string indicating the type of file structure, interpreted within the system indicated by TypeSystem, e.g., the mime type of text/html. This should be selected from the controlled vocabulary described by TypeSystem. 1 URL -The Uniform Resource Locator of the Web page (SegmentOfWebPage) 4 Value -This property contains the datum for the object. For categories and codes, the value should be selected from a controlled vocabulary (Analytic Category, Analytic Code, Settings, Attribute) 42 Versionable -An object for which, when once "published" (in the DDI sense), changes need to be tracked by a change in version. 1 xPtrExp -The Xpointer expression describing the xml range (Node)
Relationships
Each of the following relationship descriptions is listed in triples form with the name of the relationship listed in bold and the objects of the relationship in italics. A definition of the relationship follows the triple. Relationships are listed for the source of a relationship (a source relates to a target).
Collection
• One Collection is composed of 0 or more Collection -The Collection is composed Collections.
• One Collection is composed of 0 or more Event -The Collection is composed of Events.
• One Collection is composed of 0 or more Attribute -The Collection is composed of Attributes.
• One Collection is composed of 1 or more Logical Resource -The Collection is composed of at least one Logical Resource.
• One Collection is composed of 0 or more Entity -The Collection is composed of these objects.
• Zero or more Collection uses 0 or more Tool -The Collection uses a Tool. The DDI Qualitative Data Model may need to address the more common types of more complex objects. The model may also need to offer some more extensible method of describing segments. Even for the types of objects the model describes here, there can be difficulties which arise as the objects are displayed. For simple word processing document files, for example, values of line number and character within line for a LineParameter segment description change as the paper size setting changes. This method depends on the document being stored in a format that does not allow changes to layout. Documentation of the original document settings (like page size) which determine the line endings is also important.
Remaining Issues
One large remaining task is to integrate this model with the existing (and future) DDI Lifecycle models. Much of the metadata at the StudyUnit level will be relevant (e.g., Universe, Sampling, Embargo, Purpose, etc.). These metadata may be appropriate at multiple levels in the Qualitative model (e.g., Collection, Logical Resource, and perhaps Logical Segment), necessitating additional properties and perhaps even new objects.
Questions
Collection, Entity, Event, Logical Resource can have an Attribute (having a name value pair). Should this take advantage of the rest of DDI and allow for use by reference of category and code schemes to allow for comparability across studies? Isn't this just a value for a variable?
The modeling group discussed whether the model should include properties of a Physical Storage Instance like total file size in bytes, or pixel dimensions for an image. Whether to include these properties in the DDI model or to leave them to other standards (like, PREMIS) has not been decided.
Are our relationship definitions redundant? Do we need better definitions focusing on the verb rather than just repeating the triple?
We should review our choice of modeling elements and verbs in the relationships • e.g., "Logical Resource is composed of Attributes" is modeled as a composition (is composed of?)
• e.g., "Segment of XML has Node" is modeled as a relationship
